Background: Diabetic ketoacidosis (DKA) and hyperglycemic hyperosmolar state (HHS) are two serious, preventable complications of diabetes mellitus. Analysis of variables associated with recurrent DKA and HHS admission has the potential to improve patient outcomes by identifying possible areas for intervention. The aim of this study was to evaluate potential predictors of recurrent DKA or HHS admission.
Introduction
Diabetic ketoacidosis (DKA) and hyperglycemic hyperosmolar syndrome (HHS) are two of the most serious acute complications of diabetes mellitus. The National Diabetes Surveillance Program of the Centers for Disease Control (CDC) estimated that there were 140,000 hospital discharges for DKA in 2009 in the United States, compared to 62,000 in 1980 [1] . Given the 226% increase in DKA hospitalizations, it is crucial for hospitals and physicians to attend to DKA prevention. During this same period, deaths from hyperglycemic crisis (including DKA and HHS) decreased 19.8% (from 3,012 in 1980 to 2,417 in 2009) [2] . Despite the overall decrease in deaths from hyperglycemic crisis, the high relative mortality associated with HHS (5-20% for HHS vs. < 5% for DKA) [3] underlines the importance of HHS prevention in improving patient outcomes.
A literature review of risk factors for DKA and HHS suggests potential objective predictors of disease recurrence that could assist physicians and hospitals in managing DKA and HHS patients to help prevent readmission. For example, younger age at DKA onset has been associated with increased risk of DKA recurrence [3, 4] . Other studies note that readmitted DKA patients are more often male (58%) than female (52%) [5] , while a rising trend in DKA readmission among female diabetic patients less than 35 years of age has also been noted [6] .
In addition to the possible associations of age and gender with diabetic crisis readmission, studies suggest that baseline glucose management and patient comorbidities may play a role. Poor baseline glycemic control and elevated hyperglycated hemoglobin (HbA1C) have been associated with recurrent DKA [3, 7] , with admitted DKA patients tending to have an HbA1C greater than 10.6% [8] and HbAlC greater than 10.8% associated with a particularly high rate of readmission [9] . Among patient comorbidities, depression and alcohol or substance abuse seem to play strong roles [3] . In one study, patients with recurrent DKA admissions were more likely to have a history of depression than were their non-readmitted Predicting DKA HHS Hospital Readmission J Clin Med Res. 2017;9(1):35-39 counterparts (53.7% vs. 37%) [4] . Alcohol and drug abuse were also associated with DKA readmission: 39.6% of readmitted patients abused alcohol (vs. 24.7% of non-readmitted patients) and 51.7% used illicit drugs (vs. 22.5% of non-readmittees) [4] . In another study, 70% of drug users with DKA had more than one hospital admission, while only 15.9% of non-drug users with the same conditions were readmitted [10] . Alcohol and cocaine abuse have both been identified as risk factors for DKA and HHS admission [11] , while active cocaine use may have a particularly strong association with DKA readmission [12, 13] . Socioeconomic factors also seem to be linked to readmission likelihood among patients with diabetes. Ethnic minority status and use of publicly funded health insurance have been linked to hospitalization and readmission for DKA [14] . Underinsurance also appears to be a risk [7] . Psychosocial, economic, and behavioral factors, including financial constraint, stretching a limited insulin supply, and homelessness, have been associated with readmission in DKA patients [3, 4] . Hispanic patients with type 1 diabetes mellitus were identified as being at particularly high risk for DKA readmission [15] , and hospital admission and mortality rates for DKA and HHS have been noted to be higher in black patients than in white patients with diabetes [11] .
Frequent monitoring of hospital readmissions has been identified as a valuable means of recognizing and addressing preventable quality-of-care problems in medicine [16] . Analysis of recurrent admissions for DKA and HHS has the potential to help identify factors that could assist hospitals and physicians in obviating future readmissions from these preventable complications of diabetes mellitus. Our study sought to examine potential predictors of recurrent admission for patients presenting with DKA or HHS and to formulate a scoring system to identify patients at high risk for readmission. If these patients could be easily identified, their in-hospital management could be more effectively targeted to prevent readmission and associated morbidity and mortality.
Materials and Methods
This was a retrospective case-control study conducted via chart review at a tertiary academic medical center. The study was approved by the Institutional Review Board at the study site, and given the chart review design, specific informed consent for the study was not required. Inclusion criteria for involvement in the study were admission to the medical center between 2008 and 2013 with a primary diagnosis of DKA or HHS based on ICD-9 codes. Patients younger than 5 years old and those who died during their initial admission were excluded. Literature review was used to identify six potential risk factors for DKA or HHS readmission. These risk factors were examined and scored as absent (0) or present (1) for each patient. Specifically, patients received 1 point for the presence of each of the following risk factors: age < 35 years, history of depression, HbA1C > 10.6% on admission, substance/alcohol abuse history, ethnic minority status, and self-pay/publicly funded insurance.
Each individual risk factor, as well as the total score of significant individual risk factors, was compared for those patients readmitted for DKA or HHS during the 5-year study period vs. those who were not readmitted during the same period.
Logistic regression was then used to find odds ratios (ORs) for readmission and P values for each individual risk factor, as well as for the combined score of significant risk factors. Risk of readmission for DKA or HHS over the 5-year study period was calculated by ABCD score, based on Age (< 35 years), Behavioral health (depression), insurance Coverage (self-pay/ publicly funded insurance), and Drug/alcohol abuse.
Results
Our study included 367 patients (355 diagnosed with DKA and 12 with HHS). Of the study participants, 49% were male, and 51% were female. The mean age of study participants was 39.3 years, with a range of 5 -88 years old (Table 1) . Of the 367 study participants, 42.0% met risk factor criteria for age (age < 35 years), 24.3% had a history of depression, and 28.9% had a history of substance or alcohol abuse. Patients who were self-pay or on publicly funded insurance made up 67.0% of the study group, and 18.3% were of ethnic minority status. The average HbA1C on admission for patients in the study was 10.86, with a range of 5.1 -19.1 and with 51.8% of study participants meeting risk criteria for HbA1C (HbA1C > 10.6 on admission). Lastly, 27.0% of the study group was readmitted for DKA or HHS during the 5-year study period.
We found significantly increased odds of readmission for DKA and HHS with four out of six risk factors: age < 35 years (OR: 3.021; 95% CI: 1.878 -4.866; P < 0.0001), history of depression (OR: 3.465; 95% CI: 2.085 -5.758; P < 0.0001), substance/alcohol abuse history (OR: 2.828; 95% CI: 1.736 -4.606; P < 0.0001), and self-pay/publicly funded insurance (OR: 1.773; 95% CI: 1.051 -2.99; P = 0.032). A history of depression showed the greatest odds of readmission. Two variables were found not to significantly increase the odds of readmission for DKA and HHS in this study: HbA1C > 10.6% on admission (OR: 1.458; 95% CI: 0.914 -2.323; P = 0.1123) and ethnic minority status (OR: 0.742; 95% CI: 0.396 -1.389; P = 0.3508). However, this study was found to be inadequately powered to detect a potential significant increase in odds for 
HbA1C > 10.6 and ethnic minority status, for which the study was only powered at 0.437 and 0.148, respectively (Table 2) . Using the variables found to exert a significant effect on readmission odds, a total "ABCD" score was calculated. This ABCD score was found to have a significant effect on odds of readmission (OR: 2.508; 95% CI: 1.918 -3.280; P < 0.0001). Risk of readmission for DKA or HHS also varied by ABCD score, with higher scores associated with higher readmission risks. Patients scoring 0 points on the ABCD scale had 11.1% readmission risk, while those scoring 1, 2, 3, and 4 showed readmission risks of 14.9%, 27.1%, 52.7%, and 86.7%, respectively (Table 3) .
Discussion
Among potential risk factors for readmission for DKA and HHS, younger age, comorbid behavioral health problems (especially depression), poor baseline glucose control, drug and alcohol abuse, ethnic minority status, and self-pay or use of publicly funded health insurance are emphasized in the literature. The clear associations found in this study between readmission for DKA or HHS and young age (< 35 years), behavioral health comorbidity (specifically, depression), self-pay/ publicly funded health insurance status, and drug and alcohol abuse support findings already described.
Younger age may be associated with an increased risk for readmission in our study and others via decreased patient experience with diabetes management, developmental issues, an end of parental oversight, and/or more irregular living arrangements or habits. Drug and alcohol abuse and behavioral health problems like depression, in turn, may exert their effects by interfering with treatment engagement, self-efficacy, and self-care. Self-pay or publicly funded health insurance status may increase readmission rates, in turn, by limiting access to healthcare. Patients with poor healthcare access are less likely Predicting DKA HHS Hospital Readmission J Clin Med Res. 2017;9(1):35-39
to be able to afford medication, to seek preventative treatment, and to engage in medically appropriate follow-up of health concerns.
Other risk factors for readmission identified in the literature were not found to exert significant effects in this study. Specifically, HbA1C on admission and ethnic minority status were not identified as significant risk factors for readmission. While these risk factors simply may not have mediated increased risk in our study, an absence of significant findings in this area may be due to inadequate power or other factors. Logically, higher baseline HbA1C levels should be associated with less adequate glucose management and increased readmission risk. In this study, the specific HbA1C cut-off used (greater than or less than 10.6) may have been too high to serve as a meaningful divide between patient groups with adequate versus inadequate pre-admission serum glucose control. If this study were redone, reanalysis of the effects of HbA1C using a lower cut-off may yield different results.
This study also failed to find the significantly increased readmission risk identified in the literature for ethnic minority versus white patients. While ethnic minority status may not, in fact, consistently mediate increased readmission risk, a lack of significant findings in this area is likely due to insufficient study power (calculated as 0.148), since only 18.3% of study participants were identified as coming from ethnic minority groups. Repeating this study in a population with a greater representation of ethnic minority patients (and thus greater power for this analysis) may yield results more consistent with those found in other studies.
A consideration of recognizable risk factors for readmission and techniques for addressing these risk factors is very relevant to current efforts to improve patient care and to reduce healthcare costs. Many readmissions for DKA and HHS may be preventable. One study of scheduled and unscheduled hospital readmissions for diabetic patients used the Agency for Healthcare Research and Quality's Prevention Quality Indicators to estimate that one in five diabetic readmissions over a 3-month period was preventable [14] . Prevention of DKA and HHS through tighter glycemic control and facilitation of adherence to medical recommendations may be key in reducing hospital readmission rates for these diabetic complications.
Consideration of significant individual risk factors and/or use of a scoring system based on multiple objective predictors of recurrent DKA or HHS admission could be used to target interventions to patients at high risk for readmission. By combining the significant risk factors for DKA and HHS readmission identified in this study, an "ABCD" score (A: age; B: behavioral health; C: coverage; D: drug/alcohol abuse) could be calculated for patients admitted for DKA or HHS to help identify those with high readmission risk. Promising interventions could include intensified pre-discharge diabetic education, collaboration with psychiatric providers to ensure adequate treatment of behavioral health comorbidities, emphasis on affordable medications, closer post-discharge follow-up at easily accessible sites, and other more patient-friendly care regimens.
The main limitations of this study are small sample size (367 patients) and the limited time frame of chart review (5 years), as patient readmissions before or after this 5-year period could have been missed. Also, by using ICD-9 codes to identify study patients, individuals who were miscoded or misidentified in their admission or discharge notes may have been missed. Admission and discharge notes for those patients included in the study were reviewed to ensure that they were admitted for DKA or HHS.
DKA and HHS are two serious but largely preventable acute complications of diabetes mellitus. Analysis of recurrent admissions has the potential to help identify factors that could assist physicians and hospitals in obviating readmissions for these complications. In our study, age < 35 years, history of depression or substance/alcohol abuse, and self-pay/publicly funded insurance status accurately predicted odds of hospital readmission for patients with DKA or HHS, both individually and as part of a combined "ABCD" score. The use of a scoring system based on these objective predictors of DKA and HHS readmission could be used to identify high-risk patients and to target interventions more effectively toward them, with the aim of preventing readmission and associated morbidity and mortality.
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